Introduction {#sec1}
============

Sepsis is a systemic inflammatory response syndrome caused by infection,[@bib1] which is one of the most common diseases in the intensive care unit (ICU). An epidemiological study estimated that there were 4,857,000 septic patients, 1,265,000 patients with severe sepsis and septic shock in China per year, the annualized mortality rate of sepsis was 79/100,000. According to this, there would be 4,025,000 survivors of sepsis every year.[@bib2]

The long-term prognosis of the patients with sepsis is of great concern to the patients, their families, health care workers, and health care decision makers. The study showed that survivor among sepsis patient had the increasing long-term mortality, decreasing quality of life and mounting health care costs, due to the long-term neuropsychiatric damage, physical dysfunction, residual inflammatory reaction, and impaired immune function, which maked sepsis a "hidden public health problem".[@bib3] Other studies also depicted a higher mortality rate and the impaired quality of life in a longer period after sepsis.[@bib4], [@bib5], [@bib6] Currently there has been only two studies on long-term quality of life of sepsis patients in China, although there were many survivors.[@bib7], [@bib8] One study evaluated the quality of life in survivors of severe sepsis  over 6 years. However, it had a small sample size.[@bib7] The other study used only one questionnaire to evaluate the quality of life by telephone interview, which may lead to the inaccurate results.[@bib8]

The purpose of this study was to evaluate the quality of life of septic patients within 2 years after discharge. We used multiple questionnaires to measure the quality of life from multiple perspectives, and followed up survivors by face-to-face to improve the quality of the investigation. In addition, the study analyzed the changes and the risk factors of the quality of life, providing references for the treatment and rehabilitation of sepsis.

Methods {#sec2}
=======

Study subjects {#sec2.1}
--------------

This was a prospective case-control study that screened the ICU patients of Tianjin Third Central Hospital from January 1, 2014 to October 31, 2017. The general population of China in the previous studies were also included.[@bib9], [@bib10]

### Inclusion criteria {#sec2.1.1}

Sepsis was defined in accordance with the 2001 septic criteria issued by the Society of Critical Care Medicine (SCCM), the European Society of Intensive Care Medicine (ESICM) and the American College of Chest Physicians (ACCP). Patients with sepsis were considered as observation group; patients of non-sepsis who were similar in age, sex, and Charlson Comorbidity Index (CCI) with septic patients during the same period served as the control group. The general population included had similar ages with ICU patients.

### Exclusion criteria {#sec2.1.2}

Age≤18 years old; ICU stay≤24 h; patients from other places except Tianjin; patients with other diseases that significantly affect the quality of life, such as head injury with sequelae, Alzheimer\'s disease, severe fractures, etc.

### Ethics {#sec2.1.3}

This study was approved by the Ethics Committees of Tianjin Third Centre Hospital. Written informed consent was obtained from all patients included in the study.

Questionnaires {#sec2.2}
--------------

Three scales were used in this study: the Mos 36-item Short Form Health Survey (SF-36), the Euroqol-5 dimension (EQ-5D), the Activities of Daily Living (ADL). The SF-36 scale includes 8 dimensions, each dimension scores from 0 to 100 points. The higher score, the better quality of life is, and a 5-point or more difference in the SF-36 score was assessed as clinically meaningful.[@bib11]

Follow-up and data collection {#sec2.3}
-----------------------------

At 3 months, 12 months, and 24 months after discharge, we contacted the survivors included in the follow-up to appoint home or hospital visits. We recorded the number of patients who died after discharge; we considered those who did not answer the phone for five times on different days and had wrong phone number as out of touch; we regarded those who did not accept the visits for three times on different days as rejection. Reviewed the medical records of patients and collected the following information: age, gender, CCI (Charlson Comorbidity Index), the number of comorbidities (the number of diseases in the Charlson Comorbidity Index), acute physiology and chronic health evaluation II (APACHE II) score within 24 h of admission to the ICU, sequential organ failure assessment (SOFA) score and organs with acute dysfunction (defined as SOFA≥2), hypoxemia (defined as blood oxygen saturation \<90%) and hypotension (defined as mean arterial pressure\<60 mmHg), treatment of mechanical ventilation and continuous venous-venous hemofiltration. Two trained researchers completed all the above issues.

Statistical analysis {#sec2.4}
--------------------

The continuous data were presented as mean ± standard deviation or median with the 25th and 75th percentile. Comparisons between the two groups were performed using the Student *t*-test (normal distribution) or the Mann-Whitney *U* test (non-normal distribution). Comparisons of quality of life between two time points used paired *t*-test (normal distribution) or Wilcoxon (W) test (non-normal distribution). For categorical variables, comparisons between groups used chi-square test (with large samples) or Fisher exact test (with small samples). The binary logistic regression analysis was used to analyze the risk factors of quality of life. We assumed statistical significance at *P* \< 0.05. Statistical analyses were conducted in SPSS 21.0.

Results {#sec3}
=======

Demographic and clinical characteristics {#sec3.1}
----------------------------------------

As shown in [Fig. 1](#fig1){ref-type="fig"}, there were 210 (68.6%) of sepsis and 236 (77.1%) of non-sepsis critically ill patients surviving at discharge respectively, the in-hospital mortality rate of sepsis was significantly higher than that of the non-sepsis was (*p* = 0.018). At 3 months after discharge, the observation and control group had the similar demographic characteristics (age: 58.8 ± 18.1years vs. 57.5 ± 17.6 years old, *p* = 0.542, male: 52.0% vs. 51.4%, *p* = 0.926) and some clinical characteristics (*p* \> 0.05). However, the observation group had higher APACHEII scores (*p* = 0.000), higher SOFA scores (*p* = 0.000), longer hospital stay (*p* = 0.000), and longer ICU stay (*p* = 0.047) than the control group did ([Table 1](#tbl1){ref-type="table"}).Fig. 1Flow chart of screening and follow-up.Fig. 1Table 1Characteristics of study patients at 3 months after discharge.Table 1VariableSepsis\
(*n* = 125)Non-sepsis\
(*n* = 140)Statistics*p*Age, years58.82 ± 18.0757.48 ± 17.560.6110.542Male sex, n (%)65 (52.0)72 (51.4)0.0090.926CCI2.0 (1.0--3.5)2.0 (1.0--3.8)−0.1870.852With comorbidities, *n* (%)1.9240.860 021 (16.8)29 (20.7) 141 (32.8)39 (27.9) 227 (21.6)35 (25.0) 322 (17.6)20 (14.3) 411 (8.8)13 (9.3) 53 (2.4)4 (2.9)APACHEⅡ19.01 ± 7.3314.75 ± 6.155.0890.000SOFA7.58 ± 3.185.43 ± 3.405.3070.000Type of organ dysfunctions, *n* (%) respiration112 (89.6)111 (79.3)5.2680.022 coagulation31 (24.8)29 (20.7)0.6290.428 liver22 (17.6)15 (10.7)2.6060.106 cardiovascular59 (47.2)18 (12.9)37.7840.000 central nervous system25 (20.0)19 (13.6)1.9710.160 renal30 (24.0)23 (16.4)2.3660.124With organ dysfunctions, *n* (%)31.2280.000 02 (1.6)17 (12.1) 131 (24.8)55 (39.3) 246 (36.8)50 (35.7) 333 (26.4)12 (8.6) 411 (8.8)6 (4.3) 62 (1.6)0 (0.0)Hypoxemia, *n* (%)36 (28.8)29 (20.7)2.3320.127Hypotension, *n* (%)28 (22.4)22 (15.7)1.9280.165CVVH, *n* (%)57 (45.6)25 (17.9)23.7860.000Hospital stay, days25.0 (16.0--35.0)18.0 (12.0--25.8)−4.3820.000ICU stay, days10.0 (5.5--16.0)7.0 (5.0--12.0)−1.9900.047Duration of MV, days5.0 (1.5--9.0)4.0 (1.1--7.0)−1.6390.101[^1]

Therapies according to guidelines were given to patients with sepsis and other different non-sepsis diseases, although survivors in the control group were admitted for different reasons, with most frequent being postoperative surveillance, acute heart failure, gastrointestinal bleeding, acute kidney injury, obstetric critical illness, trauma.

Quality of life {#sec3.2}
---------------

### Compared to the control group and the general population {#sec3.2.1}

The quality of life of the follow-up survivors is shown in [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}. Within 2 years after discharge, there were no statistically significant differences in the scores of SF-36 except vitality (VT) and in the scores of EQ-5D between the observation and control group (*p* \> 0.05). In the 24 months after discharge, the observation group had better daily activities (*p* = 0.016) than the control group did. Compared with the quality of life of the Chinese general population (aged 55--64 years),[@bib9], [@bib10] the quality of life of sepsis and non-sepsis survivors were significantly lower at 3 months after discharge (*p* \< 0.05). At 24 months, sepsis and non-sepsis survivors still had a lower scores of physical functioning (PF), role physical (RP), and social functioning (SF) than the general population did (*p* \< 0.05), in addition, non-sepsis survivors had a lower scores of bodily pain (BP), vitality (VT), mental health (MH), and the health utility scores ([Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}).Fig. 2Comparison of quality of life between sepsis survivors and the general population. GP = the general population, PF = physical functioning, RP = role physical, BP = bodily pain, GH = general health, VT = vitality, SF = social functioning, RE = role emotional, MH = mental health.Fig. 2Fig. 3Comparison of quality of life between non-sepsis survivors and the general population. GP = the general population, PF = physical functioning, RP = role physical, BP = bodily pain, GH = general health, VT = vitality, SF = social functioning, RE = role emotional, MH = mental health.Fig. 3Table 2Comparison of quality of life between sepsis and non-sepsis at 3 months.Table 2Quality of lifeSepsis (*n* = 125)Non-sepsis (*n* = 140)Statistics*p*Physical functioning63.88 ± 24.5467.71 ± 23.88−1.2880.199Role physical54.40 ± 32.5458.21 ± 32.910.9180.359Bodily pain66.71 ± 20.6968.14 ± 19.920.7270.468General health57.40 ± 17.2857.43 ± 17.96−0.0120.991Vitality66.12 ± 17.9861.61 ± 18.662.0000.047Social functioning65.46 ± 22.5767.50 ± 24.030.9120.362Role emotional68.00 ± 31.2265.95 ± 31.35−0.6270.530Mental health70.03 ± 16.5270.06 ± 14.45−0.0130.989Health utility scores0.89 (0.78, 1.00)1.00 (0.78, 1.00)0.5620.574Activities of daily living100.0（90.0--100.0）100.0（90.0--100.0）−0.310.757[^2]Table 3Comparison of quality of life between sepsis and non-sepsis at 12 months.Table 3Quality of lifeSepsis (*n* = 103)Non-sepsis (*n* = 112)Statistics*p*Physical functioning66.07 ± 23.8167.99 ± 24.82−0.5790.563Role physical58.50 ± 31.6160.04 ± 32.960.3840.701Bodily pain67.38 ± 21.1069.12 ± 20.66−0.6100.543General health59.30 ± 19.2659.59 ± 18.55−0.1110.912Vitality65.78 ± 18.9163.39 ± 19.320.9100.362Social functioning67.91 ± 23.7868.97 ± 24.720.5500.582Role emotional70.87 ± 31.5563.69 ± 32.44−1.7580.079Mental health71.79 ± 16.7671.34 ± 14.740.2100.835Health utility scores0.89 (0.78, 1.00)1.00 (0.78, 1.00)1.3480.178Activities of daily living100.0 (90.0, 100.0)100.0 (90.0, 100.0)−0.5330.594[^3]Table 4Comparison of quality of life between sepsis and non-sepsis at 24 months.Table 4Quality of lifeSepsis (*n* = 72)Non-sepsis (*n* = 80)Statistics*p*Physical functioning68.96 ± 22.0467.31 ± 24.980.4310.667Role physical60.07 ± 34.7759.69 ± 35.24−0.0420.967Bodily pain71.15 ± 20.7868.54 ± 21.330.7640.446General health61.99 ± 20.1658.45 ± 18.93−1.0210.307Vitality66.46 ± 19.9462.56 ± 19.391.2200.224Social functioning69.79 ± 23.0568.44 ± 24.280.0530.958Role emotional75.47 ± 33.0969.17 ± 33.03−1.5850.113Mental health72.86 ± 16.1571.65 ± 14.560.4860.627Health utility scores1.00 (0.87, 1.00)1.00 (0.78, 1.00)3.0950.213Activities of daily living100.0 (100.0, 100.0)100.0 (90.0, 100.0)−2.4090.016[^4]

### Changes in quality of life {#sec3.2.2}

Comparison with the quality of life among survivors who completed three follow-ups between 3 months and 24 months after discharge ([Table 5](#tbl5){ref-type="table"}, [Table 6](#tbl6){ref-type="table"}), the multiple domains of SF-36, health utility, and activities of daily living of sepsis survivors increased significantly (*p* \< 0.05), only general health (GH) improved significantly in clinic (score improvement\>5 points). In the control group, the scores for PF (physical functioning) (*p* = 0.008), BP (bodily pain) (*p* = 0.002), GH (general health) (*p* = 0.005), and VT (vitality) (*p* = 0.000) also increased, but there were no clinically significance (score improvement \< 5 points).Table 5Changes in quality of life of sepsis patients who finished three follow-ups.Table 5SepsisAt 3 mon (*n* = 72)At 24 mon (*n* = 72)Statistics*p*Physical functioning65.42 ± 23.5268.96 ± 22.043.1970.002Role physical59.03 ± 32.8560.07 ± 34.77−0.5610.575Bodily pain66.85 ± 20.5171.15 ± 20.783.7800.000General health55.86 ± 18.0361.99 ± 20.16−5.3670.000Vitality63.82 ± 18.5366.46 ± 19.942.7530.008Social functioning65.56 ± 21.3569.79 ± 23.05−2.1420.032Role emotional73.15 ± 28.3375.47 ± 33.09−0.1720.863Mental health71.39 ± 16.6472.86 ± 16.151.4800.143Health utility scores0.89 (0.86, 1.00)1.00 (0.87, 1.00)−2.5530.011Activities of daily living100.0 (95.0, 100.0)100.0 (100.0, 100.0)−2.3460.019Table 6Changes in quality of life of non-sepsis patients who finished three follow-ups.Table 6Non-sepsisAt 3 mon (n = 80)At 24 mon (n = 80)Statistics*p*Physical functioning65.13 ± 25.6367.31 ± 24.982.7180.008Role physical56.56 ± 34.3959.69 ± 35.24−1.7330.083Bodily pain66.46 ± 20.7268.54 ± 21.333.1990.002General health56.93 ± 19.4358.45 ± 18.93−2.7970.005Vitality60.38 ± 19.8962.56 ± 19.393.9460.000Social functioning68.13 ± 25.3868.44 ± 24.28−0.2240.823Role emotional67.50 ± 32.6973.75 ± 32.13−2.2390.025Mental health69.90 ± 14.3371.65 ± 14.562.9020.005Health utility scores1.00 (0.72,1.00)1.00 (0.78,1.00)−2.1680.030Activities of daily living100.0（90.0,100.0）100.0（90.0,100.0）−1.3840.166

Risk factors {#sec3.3}
------------

In order to determine the predictors of the quality of life after sepsis, we defined the quality of life as poor when the EQ-5D health utility scores was less than the median of 0.89 at 3 months after discharge. Univariate and multivariate analysis were performed in turn using binary logistic regression. The results are shown in [Table 7](#tbl7){ref-type="table"}: older age (*OR*, 1.050; 95% *CI*, 1.022--1.078, *p* = 0.000), female (*OR*, 3.375; 95% *CI*, 1.434--7.941, *p* = 0.005) and prolonged mechanical ventilation time (\>5 days) (*OR*, 3.412; 95% *CI*, 1.413--8.244, *p* = 0.006) were independent risk factors for the quality of life of septic survivors.Table 7Logistic regression analyses of predictors for quality of life of sepsis survivors.Table 7VariablesReferencesMeasuresUnivariateMultivariate*OR*95% *CIpOR*95% *CIp*Age (yrs)1.044(1.021，1.068)0.0001.050(1.022，1.078)0.000GenderMaleFemale2.614(1.267，5.394)0.0093.375(1.434，7.941)0.005CCI1.360(1.094，1.692)0.006------With comorbidities (*n*)0≥23.230(1.128，9.251)0.029------Duration of MV (d)\<5.0≥5.02.074(1.013，4.248)0.0463.412(1.413，8.244）0.006[^5]

Discussion {#sec4}
==========

This study mainly assessed the quality of life of septic survivors within two years after discharge, and analyzed the changes and risk factors of quality of life. Firstly, the study found that the sepsis survivors whose age, sex, CCI -matched non-sepsis critically ill survivors during the same period had the similar quality of life, although the sepsis had a more serious condition (with higher APACHEII scores and SOFA scores), longer hospital and ICU stay, and higher in-hospital mortality rate. This suggested that the patients with sepsis recovered as well as or better than the patients with other critical illness did. It may attribute to the irreversible factors affecting quality of life in non-sepsis critically ill patients, which needs further research to confirm. However, the quality of life among survivors suffered from sepsis and non-sepsis critical ill decreased compared with the general population with similar age. This is a common manifestation of "post intensive care syndrome" (PICS), or the result of their own pathophysiological response, or both of the above reasons, which also needs further research to confirm.

Granja and coworkers[@bib12] drew a similar conclusion using the EQ-5D to assess the long-term quality of life after severe sepsis and septic shock. Zhang and colleagues[@bib7] used the SF36 to conduct a multicenter study in China. The study showed that severe sepsis survivors performed as well as the non-sepsis survivors did, worse than the general population in PF (*p* = 0.016), VT (*p* = 0.037), MH (*p* = 0.038), role emotional (RE, *p* = 0.043) did. However, the number of people who completed questionnaires in the study was relatively small.

Secondly, the study found the significant increase in general health (GH) at 24 months after discharge. It suggested that the quality of life of sepsis survivors may improve over time after discharge. Hence, early and aggressive treatment, comprehensive care should be given to the patients with sepsis to get a better recovery.

The study also demonstrated that older age, female and longer mechanical ventilation time (\>5 days) were the risk factors for the quality of life of sepsis survivors. This result was in accord with the previous study.[@bib4] It was interesting that Brown and colleagues[@bib13], [@bib14] also depicted that older age and female were associated with worse quality of life in patients with acute respiratory distress syndrome (ARDS).The older age of our study population (average age＞50 years) may lead to the poor quality of life for women. The absence of protection from sex hormones deteriorated immune function, meanwhile unfavorable inflammatory mediator regulation in older female may contribute to the worse prognosis.[@bib15] Additionally, we observed that women were more vulnerable compared to men after the critically illness, which may cause women prone to the worse quality of life. However, these hypotheses need to be confirmed in large, prospective studies. Mechanical ventilation is one of the most important supportive treatments in the ICU, but prolonged mechanical ventilation time was associated with worse quality of life. This may be related to increasing sedation or analgesic use, muscle weakness, and ventilator-associated lung injury resulting in prolonged treatment of mechanical ventilation. It suggests that the appropriate time of mechanical ventilation may improve the long-term quality of life of sepsis patients. To date, the predictors for the long-term quality of life after sepsis were not identified clearly, it may be associated with the underlying disease of the patients before hospitalization, during hospitalization and after discharge. However, our study did not analyze the situation after discharge, it requires further investigation.

The SF36 and the EQ-5D were recommended in the 2002 Brussels Roundtable[@bib16] and they were also used in many previous studies. The SF-36 scale is the most widely used assessment tool for quality of life in the world, its reliability and validity have been validated in critically ill patients.[@bib17], [@bib18] Moreover, the reliability and validity of the Chinese version have also been verified.[@bib19] The EQ-5D scale is a general assessment tool for health status,[@bib20] and it was used in multiple studies about sepsis.[@bib4], [@bib5], [@bib8] This study used the Chinese version of the questionnaire and the Chinese utility values.[@bib21] We also used the ADL scale, which is a reliable scale for assessing the independence and functional status of daily activities.[@bib22], [@bib23] The decline in daily activity may lead to a worse quality of life,[@bib24] therefore, this scale can help us further understand the subjects\' health status. Using these three scales at the same time can not only help us understand the quality of life of patients from many aspects, but also the results can be mutually verified, increasing the reliability of the study. This study has some limitations. Firstly, we did not obtain the quality of life before admission. Because of the urgent conditions at admission, this was also a problem that most studies encountered. Secondly, most patients who participated in the follow-ups had better physical and mental state, so this study may overestimate the quality of life of sepsis. In the future, we can interview patients by face-to-face and telephone, to increase the subjects for more comprehensive information.

In summary, the quality of life of sepsis survivors is fair within 2 years after discharge, which is similar to the quality of life of non-sepsis survivors, although it is still worse than the quality of life of the general population in China. After discharge, the general health of sepsis patients improved significantly over time. Older age, female, and longer time of mechanical ventilation (\>5 days) are the risk factors for the quality of life after sepsis. This study provides a reference for further treatment, rehabilitation and long-term prognosis of sepsis.

Fund {#sec5}
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[^1]: CCI = Charlson comorbidity index, APACHE Ⅱ = acute physiology and chronic health evaluation II, SOFA = sequential organ failure assessment, CVVH = continuous venous-venous hemofiltration, MV = mechanical ventilation.

[^2]: Physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, mental health are 8 dimensions of the SF-36 scale, each dimension scores were presented as mean ± standard deviation. Health utility score was the score of EQ-5D scale and activities of daily living was the score of ADL scale, which were presented as median with the 25th and 75th percentile.

[^3]: Physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, mental health are 8 dimensions of the SF-36 scale, each dimension scores were presented as mean ± standard deviation. Health utility score was the score of EQ-5D scale and activities of daily living was the score of ADL scale, which were presented as median with the 25th and 75th percentile.

[^4]: Physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, mental health are 8 dimensions of the SF-36 scale, each dimension scores were presented as mean ± standard deviation. Health utility score was the score of EQ-5D scale and activities of daily living was the score of ADL scale, which were presented as median with the 25th and 75th percentile.

[^5]: CCI = Charlson comorbidity index, MV = mechanical ventilation, *OR* = odds ratio, *CI* = confidence interval.
